t he innate immune response mediated by immune cells involves the initial recognition of conserved pathogenassociated molecular patterns by members of the Toll-like receptor (TLR) family. Lipopolysaccharide (LPS), the main component of the outer membrane of Gram-negative bacteria, is the principal pathogen-associated molecular pattern of TLR4 (1) . The immune system detects and responds to LPS via TLR4 and activates various transcription factors, leading to the strong production of proinflammatory cytokines (2) . Sepsis, which leads to severe adverse outcomes such as organ dysfunction and death, can develop when the host defensive response to an infection is magnified (3) . In human cord blood (CB) mononuclear cells, this LPS-triggered activation of the proinflammatory response results in many dysregulated genes that have been previously characterized by genome-wide expression profiling methods (4) .
MicroRNAs (miRNAs) are a class of small noncoding RNAs that regulate gene expression either by the cleavage of mRNA targets or by the inhibition of protein translation. miRNAs act as key regulators in a wide variety of biological processes, including proliferation, differentiation, cell fate determination, apoptosis, signal transduction, and organ development, and abnormal miRNAs expression is a common feature of inflammatory diseases (5) . Furthermore, the differential expression of miRNAs may help to distinguish between disease states (6) . miRNAs have been identified as important regulators of immune responses (7) and as fine-tuners of TLRs (8) . Multiple molecules involved in the TLR pathway are thought to be targeted by miRNAs, such as the expression of the TLRs themselves, TLR signal molecules, TLR-induced transcription factors, regulators of the TLR signaling pathway, and even the final functional cytokines involved in TLR signaling (9) .
Although miRNAs (miR-18a and miR-155) have been proven to show significant expression changes in CB-derived CD14 + cells in response to LPS (10) and the involvement of miR-146 in neonatal TLR4 signaling has been discussed to some extent (11) , the global changes in the miRNA expression of leukocytes derived from CB during LPS activation and their biological and molecular mechanisms are still unclear. In this study, we will explore the LPS-induced miRNA expression profile in the cord leukocytes and speculate about the role of these miRNAs in newborn innate immunity, focusing specifically on TLR signaling pathway regulation.
RESULTS

LPS-Induced miRNA Expression Profiling
To identify the miRNAs involved in the regulation of the LPSinduced immune response, we used a commercial microarray chip that can examine the global expression level for each Homo sapiens miRNA annotated in miRBase 14.0. In Articles Chen et al.
leukocytes derived from newborn CB (n = 3), we identified 85 miRNAs that were differentially expressed between the experimental and control groups, with 37 miRNAs being upregulated and 48 being downregulated ( Table 1) .
Microarray-Based GO Analysis
To assess the functions of these differentially expressed miRNAs, we performed computational predictions of the potential targets for these miRNAs via two algorithms (TargetScan and miRDB) and focused on those targets that were predicted by both. Gene Ontology (GO) analysis was applied to these putative target genes using DAVID (Database for Annotation, Visualization and Integrated Discovery). Interestingly, the most enriched GO terms for these target genes of the up-or downregulated miRNAs were extremely consistent. They were regulation of cellular biosynthetic process, regulation of gene expression, regulation of macromolecule biosynthetic process, regulation of nucleobase, nucleoside, nucleotide, and nucleic acid metabolic process, regulation of transcription, etc. (Figure 1a,b) .
LPS-Induced TLR-Related Genes Expression
To determine the involvement of the TLRs in LPS treatment, 84 TLR-related genes were profiled by PCR array after an LPS challenge. LPS stimulation modulated the expression of 41 of the 84 genes examined; of those 41 genes, 28 were upregulated and 13 were downregulated compared with their expression levels in unstimulated cells (n = 3; fold change > 2; 
Predicted Target Genes of LPS-Responsive miRNAs in the TLR Signaling Pathway
To gain insight into the function of the LPS-responsive miRNAs in the TLR signaling pathway, we used TargetScan and miRDB to predict the potential targets in the TLR signaling pathway for these miRNAs and focused on miRNA-mRNA 
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Articles pairs that were coexpressed in leukocytes. A total of 13 potential miRNA-mRNA interaction sites for 10 differentially expressed miRNAs were found within the cDNA sequences of 11 differentially expressed TLR signaling pathway genes ( Table 3) .
Quantitative Real-Time PCR Verification of miRNA Array Results
To confirm the results of the miRNA array, we selected six miRNAs from Table 3 for further validation in another set of samples from different subjects (n = 3). The quantitative realtime (RT)-PCR results showed that the miRNAs were up-or downregulated in a manner consistent with the miRNA array results (Figure 2 ). MiR-129-5p and miR-1260 were upregulated in the LPS-stimulated group, whereas miR-183, miR-186, miR-339-5p, and miR-374a were downregulated.
DISCUSSION
In the present study, we analyzed the miRNA expression profiles in the leukocytes derived from newborn CB after 2 h of LPS stimulation. We found 85 miRNAs, with 37 being upregulated and 48 being downregulated after LPS stimulation. These findings indicated that the response to LPS might induce rapid and specific in vitro changes to the miRNA expression profile of leukocytes derived from CB and that these miRNAs might play important roles in the neonatal immune response. However, some miRNAs, including miR-150, miR-342, let7g, and miR-143, which have been shown to be differentially expressed in LPS-stimulated leukocytes derived from adult venous blood (12), were not changed in the LPS-stimulated leukocytes derived from CB; in addition, miR-146b, which was downregulated in adults, was upregulated in the CB, indicating that miRNAs might respond differently in LPS-stimulated leukocytes in newborns than in adults and play contrastingly different roles between them. Among the differentially expressed miRNAs, miR-205, miR-136, miR-200b, miR-141, and miR-182 were highly deregulated. Most of these miRNAs have been shown to be involved in both normal development and cancer. The miR-200 family ) show the significant GOs of differential genes targeted by the upregulated and downregulated miRNAs, respectively. P is the percentage of predicted target genes, and larger P values indicate higher levels of enrichment. NA, nucleic acid. Articles Chen et al. 
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Articles (14) . Therefore, the downregulation of miR-182 might have special significance for LPS-induced immune response. However, although these miRNAs were obviously deregulated in LPS-stimulated leukocytes derived from CB, their immune functions in newborn inflammation must be carefully interpreted. To gain significant insight into the function of these LPSinduced differentially expressed miRNAs, their target genes were predicted, and GO analysis was applied to these predicted target genes. The GO categories showed that the biological processes regulated by the differentially expressed miRNAs mainly included regulation of cellular biosynthetic process, regulation of gene expression, regulation of macromolecule biosynthetic process, regulation of nucleobase, nucleoside, nucleotide, and nucleic acid metabolic process, regulation of transcription, etc. for both the up-and downregulated miRNAs. This finding indicated that these miRNAs might act together on the same biological processes to control the robust proinflammatory response in the acute inflammatory state induced by LPS stimulation. Additionally, the regulation of gene expression and transcription by target genes could be an indirect mechanism to help the miRNAs strengthen this control.
In contrast with the study that used cRNA microarray technology to identify differentially expressed genes involved in the LPS-stimulated response of mononuclear cells from CB on a "global" level (4) and the study that detected certain factors related to the LPS-induced TLR pathway response in the monocytes derived from CB (11), the aim of this exploratory study was to determine which genes in the LPS-stimulated leukocytes from CB that are associated with TLRs and their signaling elements were differentially expressed on the whole. In our study, 41 of the 84 genes examined were found to be differentially expressed in TLR signaling pathways between leukocytes from CB with or without LPS stimulation. Via the MyD88-dependent pathway, which induces NF-κB-dependent proinflammatory cytokines (IL-1α, IL-1β, IL-6, IL-8, and TNF-α), and the MyD88-independent pathway, which induces Toll/IL-1 receptor domain-containing adaptor inducing IFN-β-dependent interferon-inducible cytokines (15, 16) , LPSstimulated leukocytes from CB showed a predominant initial increase in the production of inflammatory cytokines.
The components of TLR signaling can be directly targeted by miRNAs. For example, the mRNA encoding MyD88, which links members of the TLR family to the downstream (20), respectively. We think that the inhibition of the interaction between the LPS-induced miRNAs and their targets and/or insufficient expression of these miRNAs that target TLR signaling might contribute to the robust proinflammatory response in the acute inflammatory state induced by LPS stimulation. Further studies will be needed to evaluate these issues. miRNA expression can be directly regulated by TLR signals. For example, miR-181a was found to be concurrently upregulated with IL-1α, IL-1β, IL-6, and TNF-α in a mouse acute inflammatory state via a TLR4-dependent pathway (21). MiR-107, which was downregulated in response to LPS in multiple cell types (22) , and let-7i, which was decreased in LPSstimulated cholangiocytes (23) , were found to be affected in a MyD88-and NF-κB-dependent manner. Similar coexpression patterns between these miRNAs and TLR signaling compartments in our study might support those results. The interaction between miRNAs and the TLR signaling pathway reveals a feedback loop that controls TLR signaling activation (24) .
In LPS-stimulated THP-1 cells, upregulated miR-146 has been proposed to play a role in the control of TLR and cytokine signaling through a negative feedback regulation loop (25) . The upregulation of miR-146 after LPS stimulation was also observed in monocytes derived from adult peripheral veins and from newborn CB (11) . After LPS engagement, monocytes upregulate miR-146b which modulates the TLR4 signaling pathway by direct targeting of multiple elements, including TLR4, MyD88, IRAK-1, and TRAF6, via an IL-10-mediated STAT3-dependent loop (26) . In addition, activation of the MAP kinase/EGR pathway by proinflammatory cytokines regulates the transcription of the miR-146, which can in turn repress the NF-κB, AP-1, and MAPK/EGR pathways. Thus, a negative feedback loop is formed to control the proinflammatory signaling in endothelial cells that may impact the pathogenesis of vascular inflammatory diseases such as sepsis (27) . In our study, the expression of miR-146b was upregulated in CB leukocytes after LPS stimulation, indicating that miR-146b might have an important role in controlling LPSstimulated neonatal early phases of inflammation by engaging in negative feedback loops.
The prediction analyses of the miRNA-mRNA pairs that are coexpressed in leukocytes, which may offer intriguing new perspectives on the interaction between miRNA regulation and TLR signals, identified 11 different candidate genes in the TLR signaling pathway for degradation control by miRNAs. PTGS2-a candidate target of the LPS-decreased miR-183 and miR-374a-was upregulated in leukocytes during LPS-induced inflammation. PTGS2 is considered a proinflammatory mediator during the early phases of inflammation and a chief target for the treatment of inflammatory diseases (28) . Hence, the decrease in miR-183 and miR-374a could play a role in supporting the upregulation of PTGS2, which may be partially responsible for the upregulation of some cytokines in our model. This preliminary study has potential limitations. First, an in vitro study of whole blood may not reflect the patterns of response in vivo. Second, our study did not conduct functional studies in cells to validate the predicted mRNA targets. Third, the whole blood stimulation analysis limits the conclusions on cell-specific mechanisms involving interactions between miRNA regulation and TLR signaling. Further studies are necessary to determine whether these differentially expressed miRNAs regulate each of these predicted target genes and how these miRNAs influence the development of neonatal sepsis.
In conclusion, we identified differentially expressed miRNAs in the LPS-induced acute inflammation of leukocytes derived from CB and performed a functional bioinformatic analysis that demonstrated that the target genes regulated by these miRNAs were mainly involved in several biological processes. In addition, these miRNAs may play important roles in the regulation of TLR signals. Further investigation is needed to validate the involvement of these miRNAs in neonatal sepsis. Leukocyte Isolation and Total RNA Extraction A 6-ml aliquot of whole blood culture was mixed with 1.2 ml of 6% dextran (Pharmacia, Uppsala, Sweden) solution in saline. After sedimentation for 30 min at 37 °C, the leukocyte-enriched supernatant was collected and washed twice with saline before the RNA isolation. Total RNA was isolated from leukocytes using TRIzol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. DNA contamination was removed from the RNA preparations using DNase I (Qiagen, Hilden, Germany) followed by an RNA cleanup kit (RNeasy MinElute Cleanup Kit, Qiagen). The total RNA concentration and purity were determined by the NanoDrop ND-1000 (Thermo, Wilmington, DE). Electrophoresis (1% agarose gel containing ethidium bromide) was used to confirm the total RNA integrity. Only RNA samples passing the purity (OD260/280: 1.8-2.1) and integrity (28S:18S bands in a ratio of ~2:1 with a clear and trailfree manner and no nonspecific bands) controls were used for further miRNA microarray and reverse transcription PCR analyses.
miRNA Array
Equal amounts of RNA from three different samples were pooled for each experimental condition and then labeled using the miRCURY Hy3/Hy5 Power labeling kit (Exiqon, Vedbaek, Denmark). The labeled RNA was hybridized on the miRCURY LNA Array (v.14.0) (Exiqon). Scanning was performed with the Axon GenePix 4000B microarray scanner (Axon, Foster, CA). The GenePix pro V6.0 software (Axon) was used to read the raw intensity of the image. The ratio of green to red signals was calculated after background subtraction and normalization using the global Lowess (Locally Weighted Scatter plot Smoothing) regression algorithm (MIDAS, TIGR Microarray Data Analysis System software; J. Craig Venter Institute, Rockville, MD and La Jolla, CA). The threshold value used to screen the up-and downregulated miRNAs was a fold change of >2.0.
Quantitative RT-PCR
Quantitative RT-PCR was used to confirm the miRNA array results. Briefly, 10 ng of total RNA was reverse-transcribed using the TaqMan miRNA reverse transcription kit with the primers for miR-129-5p, miR-1260, miR-183, miR-186, miR-339-5p, miR-374a, and U6 small nuclear RNA (Applied Biosystems, Foster, CA). Then, the TaqMan probes for these miRNAs were used in the following real-time PCRs. The relative expression of each miRNA was determined in reference to an internal U6 small nuclear RNA control. In the statistical analysis, we presented the results as the mean ± SD and assessed the differences between the groups with the independent t-test using SPSS software 16.0 (SPSS, Chicago, IL). Quantitative RT-PCR arrays were used to detect the expression of the TLR pathway genes. A total of 1.5 μg of RNA was used for cDNA synthesis using SuperScript III Reverse Transcriptase (Invitrogen). Real-time PCR was performed using the 384-well RT 2 Profiler PCR Array (SuperArray Bioscience, Frederick, MD). A total of 84 genes involved in the human TLR pathway (full details are provided in Supplementary Table S1 ) were analyzed for each sample. Two genes (B2M and RPL13A) were used as internal controls, and the average of their cycle threshold (Ct) values was used to normalize the gene expression ) and determine the fold change between groups (2 −∆∆Ct ). Gene expression was considered up-or downregulated when the fold change was greater than 2.
Target Gene Prediction and Functional Analysis
To predict the target genes of differentially expressed miRNAs, two online search algorithms, TargetScan Release 6.2 database (Whitehead Institute for Biomedical Research, Cambridge, MA) and miRDB Version 4.0 database (Department of Radiation Oncology, Washington University School of Medicine, St. Louis, MO) (29, 30) , were used for target prediction. The genes that were identified by both the algorithms were considered to be the target genes. To further understand the functions of the predicted target genes, we used the ontology classification of genes based on gene annotation and summary information available through DAVID Bioinformatics Resources 6.7 database (Laboratory of Immunopathogenesis and Bioinformatics, SAIC-Frederick, Frederick, MD) (31, 32) to perform a preliminary analysis of the forecasted target genes.
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